Introduction
Earth's temperature is predicted to rise 1ø-3.5øC in the next century, with even greater increases in the Arctic [Houghton et al., 1996] . This temperature increase is expected to impact numerous aspects of the Arctic system, including the extent of permafrost and ice-covered regions, the amount and distribution of precipitation, and the productivity and biogeochemistry of terrestrial and aquatic ecosystems [Chapin et Detection of future changes requires knowledge of current conditions. In this paper, we assess current (1970s-1990s) nutrient flux from Eurasia to the Arctic Ocean. We focus on Table 1 for station names and coordinates. As is apparent, rivers in the OGSNK/GSN data set encompass most of the Eurasian watershed draining into the Arctic Ocean, with notable exceptions in the Russian Far East and on the Taymyr Peninsula. River codes are as follows: 1, Onega; 2, Severnaya Dvina; 3, Mezen'; 4, Pechora; 5, Ob'; 6, Nadym; 7, Pur; 8, Taz; 9, Yenisey; 10, Anabar; 11, Olenek; 12, Lena; 13, Yana; 14, Indigirka; and 15, Kolyma. nutrient flux to the Arctic Ocean from Russian rivers, we have compiled and digitized the data archives of the FSU and the current Russian Federation for 15 Russian rivers entering the Arctic Ocean. The data come from samples that were collected and analyzed as part of the Unified Federal Service for Observation and Control of Environmental Pollution (OGSNK prior to 1992 and GSN from 1992 onward). We will refer to these data as the OGSNK/GSN data set.
The 15 river basins represented in the OGSNK/GSN data set nearly span the >5000 km width of Russia (Figure 1 ) and include three of the world's 13 largest rivers by discharge [Shiklomanov, 1993] . Watershed areas range from -50-3000 X 10 3 km 2 ( Table 1) (Figure 2) . In a few cases, nutrient data were missing for a spring or summer month when discharge was substantial. In these cases, nutrient concentrations were estimated by interpolation between adjacent months, since exclusion of these high-discharge months from our annual estimates would lead to significant underestimation of annual nutrient flux.
A striking feature of the annual flux estimates is the high ammonium flux in the Ob' and Yenisey rivers. Although the Amazon is more than 10 times bigger (by discharge), ammonium flux in the Ob' river is more than twice as great (Table 2 ). In fact, if the data are correct, it seems likely that the Ob' River transports more ammonium than any other river on Earth. In contrast to ammonium, nitrate fluxes in the Ob', Yenisey, and other Russian rivers are much smaller than other large rivers such as the Amazon and Mississippi (Table 2) .
When standardized by catchment area, ammonium and phosphate flux rates appear to be correlated and are greatest in central Siberian rivers (Figures 7a and 7c) , whereas specific nitrate flux is generally higher in the western Russian rivers (Figure 7b ). Although it has been estimated that on average 85% of dissolved inorganic nitrogen (DIN) transport in rivers is as nitrate [Meybeck, 1982] , the OGSNK/GSN data set suggests that there is a strong spatial component to the ammonium to nitrate flux ratio in Russian Arctic rivers (Figure 8a ). All of the rivers in the OGSNK/GSN data set transport more ammonium than nitrate, and those draining the Siberian lowland region transport more than 10 times as much ammonium as nitrate annually. In contrast, there is no clear spatial pattern of DIN to phosphate flux (Figure 8b ).
Discussion
Our objective in this paper is to determine whether we can accurately determine the contemporary dissolved inorganic nitrogen and phosphate flux from Russian rivers to the Arctic Ocean and thus whether we will be able to detect changes in the future. To this end, we have assembled an extensive data set from the archives of the FSU and current Russian Federation, which, if reliable, will be sufficient for this purpose. Thus our next task is to evaluate the reliability of these data. We will The OGSNK/GSN data set contains some unusual features and thus warrants close scrutiny. First, although the generally accepted paradigm is that rivers transport more nitrate than ammonium, all of the rivers in the OGSNK/GSN data set do not (Table 2 ). In fact, several Russian Arctic rivers apparently transport more than 10 times as much ammonium as nitrate, compared to rivers such as the Mississippi and Amazon that transport much more nitrate than ammonium. Exceptions to the general rule are typically heavily polluted rivers, but the rivers in our data set have relatively low human population densities, fertilizer use, and atmospheric N deposition rates. Thus the ammonium to nitrate flux ratio calculated using the OGSNK/GSN data set (Figure 7a ) is anomalous. Third, although the Soviet water quality monitoring program was extensive and centrally organized, it has been noted that instrumentation, materials, and supplies were often of questionable reliability and that quality assurance and control (QA/ QC) procedures were poorly executed [Tsirkunov, 1998 ]. For example, a study of the distribution of organochlorine insecticides in Russian rivers indicated widespread discrepancies between OGSNK/GSN laboratories and data collected by independent specialists [Zhulidov et al., 1998 ]. The explanation for the differences was not clear, but it was noted that lack of supplies, equipment issues, and inexperienced personnel may intriguing patterns in the data (both seasonally and spatially) that might not be expected from erroneous data. For example, specific fluxes of ammonium and phosphate peak in the vicinity of the Ob' Estuary and decrease to the east and west, whereas specific nitrate flux generally increases to the west (Figure 7) . These trends combine to give a distinct pattern of ammonium to nitrate flux that is highest in the watersheds of the western Siberian lowlands (Figure 8 ). The rivers which are most suspect with respect to ammonium concentrations (Ob', Nadym, Pur, and Taz) are all in the western Siberian lowlands, which have low-lying, marshy soils that might through natural processes lead to the patterns that we have observed [Neischtadt, 1971 ; Stairnov, 1994; Zhulidov et al., 1997]. In addition to these and other spatial patterns, there are also clear seasonal trends in the data. For example, nutrient concentrations are frequently highest during the spring runoff period and are lowest during summer low-flow conditions. It is difficult to imagine how poor quality data could exhibit such clear seasonal and spatial patterns.
As we have noted, a particularly surprising aspect of the OGSNK/GSN data set is the high ammonium concentration reported for several of the Russian Arctic rivers. In order to accumulate ammonium in rivers, nitrification (the microbial conversion of ammonium to nitrate) must be blocked or saturated, or at least nitrification and ammonium uptake must proceed more slowly that ammonium production. This is rarely observed in nature, particularly in relatively pristine ecosystems. However, some possibilities for blocking nitrification exist, including limitation by dissolved oxygen availability, limitation by cold temperatures, and inhibition by specific organic compounds [Focht and Verstraete, 1977; Sprent, 1987; Dyreborg and Arvin, 1995] . Interestingly, the Ob' River has high levels of ferrous iron, and its oxidation periodically causes hypoxia [Telang et al., 1991] . Although data are limited, it seems likely that other rivers in the central Siberian lowlands (including the Pur, Taz, and Nadym) may also have elevated iron levels, given their similar catchment characteristics. Moreover, high dissolved organic matter concentrations in these rivers might also contribute to oxygen consumption and hypoxia. If, in fact, hypoxia were a common feature of these systems, nitrification would be blocked and ammonium could accumulate to the levels we have reported. More data will be needed to adequately test this hypothesis.
Comparison With Other Estimates
The best method for testing the reliability of the OGSNK/ GSN data set is to compare it to independent nutrient concentration and flux estimates. Unfortunately, many of the publications that at first appear promising [Tarasov et large United Nations-sponsored databases, GEMS/Global Register of River Inputs (GLORI) (Meybeck and Ragu, book draft, 1995) and GEMS/Water (www.cciw.ca/gems/), also summarize parts of the official Russian data. Although the OGSNK/GSN data set we present is far more extensive than these other reports, the data sets ultimately come from the same source and therefore cannot justifiably be used for critical comparisons. Fortunately, other sources of information exist. The most extensive independent data set comes from Russian scientists working outside of the OGSNK/GSN framework. Their results have been compiled for a 10-year period (1986-1995) for 10 Arctic rivers, all of which are included in the 15-river OGSNK/ GSN data set that we have already presented. From this data set (which we shall refer to as data set II) we calculated annual DIN (nitrate plus ammonium) flux, using discharge from the R-ArcticNet database, and compared it to the OGSNK/GSN data and to model estimates derived from Seitzinger and Kroeze [1998] (Table 3) . DIN flux estimates vary greatly depending on the data set used (Table 3) . For example, annual DIN flux estimates for the Ob' River range from less than 50 x 10 3 t N/yr using data set II to greater than 300 x 10 3 t/yr using the OGSNK/GSN data set, with the model estimate of Seitzinger and Kroeze [1998] being intermediate. Moreover, it is not simply a systematic offset between the two data sets; in the case of ammonium in the Ob' River, there appears to be almost no relationship between the two data sets (Figure 9) . Obviously, at least one, if not both, of the data sets is grossly in error.
Although the OGSNK/GSN data set generally yields a higher DIN flux estimate than does data set II, the pattern is (Table 3) . We should note that the model is not specific for Arctic rivers but, instead, was calibrated largely using data from temperate and tropical rivers. 
Conclusions
Nutrient flux from land to ocean integrates changes in terrestrial ecosystems, in land use, and in other human activities. As global change due to greenhouse warming and human population growth accelerates, a record of water quality is one metric of that change. On the ocean side the coastal deltas, estuaries, and seas respond to changing nutrient fluxes with changes in the intensity and distribution of primary productivity, which in turn impact coastal fisheries. Thus monitoring of nutrient fluxes can provide essential information for watershed management, for coastal fisheries management, and for detection of regional aspects of global change in the Arctic.
In the title of the paper we ask whether it is currently possible to establish a reliable baseline against which to judge future changes in nutrient export to the Arctic Ocean from Perhaps more exciting, we will have identified an unusual biogeochemical phenomenon (high ammonium export from sparsely inhabited catchments) that we currently do not understand. Although further research would be needed to understand the observed patterns, at least the existing data would allow us to detect future changes.
If, however, the nutrient concentration data are not reliable, then the flux estimates that we and others have provided are wrong. This will lead to incorrect conclusions concerning future changes and a faulty understanding of the current biogeochemical functioning of these catchments. As is the case for hydrologic and sediment flux modeling, one of the major challenges for the construction and calibration of large-scale biogeochemistry models is data availability [Milliman and Syvitski, 1992; VOrOsmarty et al., 1996 VOrOsmarty et al., , 2000 . Thus every effort must be made to augment the available discharge, suspended sediment, and nutrient chemistry databases, both regionally in the Arctic as well as globally, either by collecting new data or making available previously collected data. In augmenting nutrient databases, however, data quality must be closely scrutinized. For Russian Arctic rivers it is unclear whether any of the currently available long-term data sets are reliable.
The clarification of this puzzle requires independently collected and analyzed nutrient samples. Only in this way will we be able to fully assess the quality of current data sets and state with any confidence the magnitude of contemporary nutrient flux to the Arctic Ocean. Until new samples are collected and a contemporary nutrient flux baseline is established, we will be squandering one of our better chances for early detection of global change in the Arctic, and our understanding of Arcticwide biogeochemical cycling and land-ocean interactions in the 
